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ABSTIV\CT 

Advanced Stabilization is;a' t>a31riing module for water tt^eatment operators.. 
It'is prepared in oboe9ti\!'e form and is intended f or, an^ instructor familiar 
wfth 'stabilization and corrosi on/ control . 'Upqn coppietionl of this module 
•the tarticipant'shotildi jiav^^an /Understanding of the fundaftiental principles 
of stabilization and cprro^iionfchemistry and control methods. Participants 
should have prior b.ackg,rounfl m the subject, e.g. comp/eiioo- of the Basic 
Stabilization or knowledge of /that, sifbject ma'tter plusNadequate background 
.in water chemistry. To):al Qohtact time will\^be 10.0 hoWs. The instructor 
should have a black boafd, overhead projktor and a 2 x 2^ si fde , projector. 



Module No:, 
II3ADWS . 



Approx.* Tim^: 



10.0 hours 



Module JUle: ' 



Advari'ced Stabilization - / \' 



Submodule Title:. 



Topic: 
Suiroary 



Objectives: upQp conip>etion of this modu.le,* the -partici pant J^il 1 Be'able to 
1. Describe and cohdufct a stability analysis of a wa't?r. . 
2.. Explain the. chemistry of scale formation ^and the eh'emistiry of its 
control. ^r prevention, : ' 

\ 3. Explain the fundamental ch^ijfTstry of corrosion and'cofrosion . 
\ 'control measures, ' . ^ - 

4. Recognize and describe special related»concerns in water .systems. 



Instructional A^s: 
Harvdoyts^ 

Transparencies ^ ' 



liistrUctional Approach: 



-Discussion 
Case Studies 



/ 



\ 



References: 

1.- New York Health Departin^nt i Manual of Instruction for VJater Treajbrfjeht 
'Planlt/Operators , Health Education. Service, 
f '2. American Water yorks Association, Basic Water Treatment Operator '-s 
^ ' fenual , AIMA No'- M18, 1971, v., . 

3. Standard Methods for the Examination of Water & Vlastev/ater , 14th Editio: 
'4. Articles from the water supply literature. o ' 

5.- Sawyer /C.N. & McCarty P., Chemistry for Sanitary Engineers . 



i 



Class Assignments:: 

Readings * ^ . 

• Some case studies and/or class problems'*. 
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Approx. Time\: 
1.0 hour 

' I. 



Module Title: ^ 
Advanced Stabilization 



SubjnoduVe Ti.tle: 

• , > . ) 



Topic:' 
Introduction^ and Review 



Objectives: Ufbn completiori of this topic, tffe participant will he able to 

,1. Discuss scale formation and its copcerns. , ^ \ . * - 

2. Discuss corrosion and corrosion concerns, * - 

3. Deslqribe ithe .applicable water chen|istry parameters and concepts. 



Instructional Aids; 

Handouts 
Transparericiesi 



Instructional^ A{i)proacf\: 
discussion' 



References : 

1. New York F^ealth De\)Artment, Manual of Instruction' foi^ Water Treatment , 

Plant\ Operatorsy Health Education Ser^vice.- 
2: American wkter Worlds \Associati on, ' Basic Water Treatment Operator's . 

Manual', AWWA WpA Nl8', 1971/ 



Class Assignments!: 
Readings 



. 1 9 



\ 
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Module No: 
II3ADWS 



.Topic: 



-''IntlP^duction and Review 



Instructor Notes: 



V TRANS A6-1 
Stabi 1 i ty-Deposi ti6n 



TRANS AS-2' ^ 
^ . . Corrosion 

Note : Attempt to obta-in pipe 
and fittings examples \>f depo- 
sition and corrosiott for class 
use. 

Trans as-3 . , 

Water Qua! i ty P^irameters 
■ ' . TRANS AS-4 

- Water Softening 



TRANS AS--5 
^Forms of Alkalinity 



Instructor Outline: 



— — zr—^ ^ — 

1, DisQuss\scale formation and its concerns* 
' Stress the iilmact'Of the scale formation 

on the wa1^^.system operation 

2, Ask participants to relate typical exper- 
- iences from their' system 

3, Discuss corrosion and corros'^on concerns. 
Stress the impact 6n .the water system ' * 
operation, - ^ ^ ^ 

4, A^k parti-cipants to relate typic^il cori^o-^ 
s'ion problems from their.experience, , 

5, Discuss the primary water, quality para- 
meters of concern 

6, Discuss the water quality change with 
softening. Stress the quality character- 
istics of the treated water 

« 

7, Discuss the forms of alkalinity and the 
, role of pH, Discuss pH + pOH equals. 14 

, -and how one can obtain the OH' concentra- 
t1oi^. Relate the plot to softening and 
•pH control of finished waters 
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Module No: 
II3A0WS 



Approx. Time: 
s 

"2.0 hours * 



ModuTe Title: 
Advanced Stabilizatibn 



Subfnodule Title: 



Topic: ' ^ * ' 

Deposition: ^Analysis and Control \ 



Objectives :^Upoh c^ompl^tipn of this topic, the participant will be able, to 

1. Describe sdlubility product conb^pts regarding typical water scale- 
formation arKi the factors affec^ting. il. 

2, Describe the l^undamentals of stability analysis of a.waler/ ^ 
^3/^ Di-6cuss recarbonatibn chemistry- ♦ ^ ^ 
'4. Describe 'the chemistry of chelate action involving phosphate 

compounds and other chetntcals. j ' ^ 

^ / • 



Instructional Aids: 

Handouts ' 
Article reprints 
Transparencies 



InstructidnaV Approach:^ 
Discussion • • 



References : . . ' . ' - . 

!• Sawyer C*N- &*McCarty P., Chemistry for Sanitary Engineers 
2, Artic^es^ in^ the. literature"! ^ ' 



Class Assignmer\ts: 



Readings 

Typical stability inde)^ calculations. 
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Module No: 

' rL3Abws 



Topic 



Deposition: Analysis and Control 



Instructor' Notes ; 



TRANS AS-6 . , 

CaCO^ Equilibrium pH 

Note :^ 1. Review' or present the 
. sample problems from 
the Basic Module. 
2. Use data from plants 
represented and ana-- 
lyze it for an example 
evaluation. 

TRANS AS-7 
Saturation p^^ 

' -TRANS AS-8 
Saturation pH - L*-B Diagram 

TRANS _AS-9 
Stability Indices 

TRANS AS-10 
Ryznar Index 

TRANS AS-n 
Stability Index/- Sample Prob, 

TRANS AS- 12 
Marble -T^st 

TRANS "AS-13 
Recarbonation 



Instructo^ Outliner 



Discuss equilibrium and solubility product 
•concepts 

< - • ' . . . 

'a. CaCO^ system ' ^ . . " 

b. Cite other e^xamp]es e.§-. . 



r 



TRANS AS-14 
Chalat^g $ompo 



nds 




ee reference art 
by Ralston 
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Ca(dH)2i:^ 
CaFo^ 



;Fe(OH) 



Ca"^"^ + 20H: 
Fe"^"^"^ + 30H' 



d. 
e: 
f . 



Discuss the stability analysis of water 

a. , Satuwitio'n .pH > 

b. Calculation methods 
Emperical nature of indices 
Interpretation of indices 
Laboratory, analysis ^ 
Distribution -sysrtem checks 

1. Observe piping, fittings, and 
coupons 

2. Monitor eilkali^lty change ) 

D-iscuss recarbonation 
-a. How and why it is used 

b. . Importance of pH con^i^ol depending 

on purpose - 
\C. CO^ quantitie&ij, r 

Discuss chelate action / 

a. Calcium tie-up ahead of fi]ters.and 
distributing CaCO^ in distribution 

• systems * * /• 

b. Ferrous iron. Prevents deposits of 
iron/ Doesn't* prevent corrosion. 

c. Note reversion of polyphospha|te to 

y orthophosphate ?ind temp€r£^ture role. 

d. Ph^osphofTates - an industrial example 



Pa9e_7 of_^. 
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\AnAii^ Q ' T-l fl o • * . * 
riOUU 1 c 1 1 L 1 c • ^ - 


II3ADWS 


Advanced Stabilization 


Submodule Title: * - ] * • . ' 


i\pprox. Tiiiie\ 
2.0 hours 

> 


' - , - ! . . : — : ^ 


Topic: . , • 

» 

'Corro5ioh Chemistry j 


Objectives; Upon completion of this topic, the participant will be/able to:. 


Describe the ^undaJfental chemistry of the differentral aeration, cefl^^ 
' and .galvanic 'corrosTon and factors involved. - , ^ " 
* 2. Discuss and describe \iethods of corrosion detection including the use^ 
of coupons and probes. ' ' ' ' ^ ^ 
3.. Iderttify special cor:rosion concer?ns, e.g. coppeh. 


> 

r 


----- ' . . 1 . 


Instructional Aids : 




HandQtfts 
Transparencies 








Instructional Approach: ' * ' • 
Discussion • . • . * 






Refereaces: 




- , , . / 
1. Articles from literature. ^ * , 


# 


♦ 

m 

r ' 


, Class Assignments: . 


\ 

t t 


. Readings 

4 

' * 1 

• 


K 

11 , . ^ 
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Module No:- 
II3ADWS 



Topic: 



Page' 



Corrosion Chemistry 



.Ofx. 



Instructor N?>tes:, 



■ . -TRANS AS- 15, 

.Types of Corrosion Cells' 

* 

TRANS AS-16 
, Corrds tbn Cell 
TRANS AS-17 
Electrochemioal Corrosion 



TRANS AS- 18 
Galvanic Series 



TRANS AS- 19 
Coupon. Evaluation v 
See Mullen &'Rifeter Article 



' TRANS^AS^2^1--^^ 
Material Selection-Corrosion 



Instructor* Oatline: 



J. Discuss 'types of corros,ioh' cells.'* 

Emphasize gaTvanifr and di.ff'eFential . 



aeratioa cells. 



2. Discuss fundamental chemistry- of differen- * ^ 

tial aeration cell. ^ . , 

- • 

^1. Role of oxygen in removing H film ^ 

b. Role of iron^, -precipitation to intj^ase 
flow of Fe . ' \ * ^ - 

c. Note types af*iron precipitates 

d. Comment on/^ffVect of protective film 
over the /^urf ace e.g.rCaCO^ X 

e. Effect jof flow velocity - remove pro- 
/ ducts^/oo increase 



,.f. Pitting and uniform corrosion concepts 



3. Discuss the gafivanic series^ 

a. What ^corrodes? V Current 'flow. Exampl 
V . ' ^ 

of problems • ' • ' 

b* How would you select* a metal as a 

sacrifi<:>al anode? 



es 



4. Discuss corrosion detection 

a. Use"^'of coupons and probes and measure-^ 

ments ' - • ' ^' . 

\>\ Study of pipe sec.tions, fittirtgs -* 
. c. Note* observations of staining, and* ♦ 
• refl .waiter , — . 

d^. MoD-itor Fe concentratiorr'lr " 

5:'\ Di5qjss some Special cqr-rosi on ^problems from 
instructor's experience and references. 
' ..Note Material Selection tr*ahsptarency - 

12 • • .'. 
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Module No: 
•II3ADWS 



Topic. • Corrosion Chemistry 



Instructor No't^s; 



1 



Instructor Outline; 



a* .Dezincfffcation 
b. Graph itizat ion 
Copper corrosion 



blue-green staining 
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Module No: * 


■ ^-^^ " 

Hpdule Title: 

• 






Advanced Stabilization *• 


* • 


r 


Submodule Title:* * ' ^ . . 

• 




/^^^T,ox. Time: 






2.0' Kours 

« 


Topic: , - ^ ^ 
Corrosion Control ^ 




Objectives: .^pon completion of this topic, the partictpant will 


be able to 


V 

' 1. Describe the use of controlled CaC03 deposition.. 
' 2. Describe the chemistry of inhibitors. 

3. Describe rathodic ^protection. , 
. 4. Discuss material selection as an alternative approach. 






■ ■ ■ ■ ; / 




Instructional Aids:"^ 




c 


Handouts 
Reprints 
Trahsparencies 

* 

c 


/ 

, 1 * 




Instructional Approach: - \ - 
Discussion * - . ■ . 


References: 


• -'. 




1. ^Articles from literature. > 

2. Data from chemical and .equipment companies. 

^ - <3> 
1 • • . * 




Class Assignments: 


* 


4 


> 

Readings 




V 


• 

* 


14 
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II3ADWS 



Topic; 



Corrosion Control 



r 



Instructor Notes; 



TRANS AS-20 
Approaches to Corrosion Control 



^ S^e Mullen-Ritter Artigle 



TRANS AS-21 
/ Material 'Selection 



TRANS *AS-22 ' 
Cathodic Protection 



Instructor Outline: ' 



1. "^Review approaches to corrosion control 



2. Discuss use of alkali addition and poly- - 
phosphates to deposit a protective CaCO^ ' 
film. Meihtion use of indices. * , 

3. Describe the use of corrosion inhibitors. 
Use Mullen-Rit4:er article as an example. 

^ Include discussion of ^ 

a. Zinc - orthophosphates 

b. Phosphate only - bigh cone, limitations 
' . of water quality standards^ 

c. Check with participants for their, • 
experience? ' • ^ 

4. Discuss material selection 



a. RoU'^of 



different metals & alloys 



j>^Use of Pi^C plastic/ asbestos cement 
and^ concrete 

c. Use- of l iners e.g. cernent 

d. ,Use of coatings, paintsX 

Dis,cuss catnojdic protection 

a. Use of galvanic ajriodes 

b. Use of electrolytic anade 

c. Cit€ exarrples e.g. water .storage, 
) piping, plant uhits^, ' 

d. Ask for [participant experience 
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Module No: 


Module Trtle: 


II3ADWS 


Advanced Stabilization . * . 




^ubmodule Title: ^ . 


Approx. Time: 




2,0 hours 

C ' 


Topic:' ^ 
Spej:iaL Topics • • ' ' 


Objectives :upon completion of this topic, the participant^ijll. be able^to 


1. Discuss the iron bacteria problem. . \ 

2. Describe sulfate breakdov/n and-H2S problems. . - ' 

3. Discuss ext^n^l Pipe corrosion. * ' \ 

4. Discuss wel/f problems in scale and corrosion control. . 

<( ' • . • 




/ * * 


Instructional Aids: 




Handout^ 
Transparencies 


* ! 


Instructional Approach:*- * , ' ' 


Discussion 
•Case Study 

0 

o 


- • / V 

' ^ V ' ' » 

t 



References: 

1. Sawyer, C.N. & McCarty P., Chemistry for Sanitary Engineers . " 

2. Articles from the literature. 



Class Assignments : 

Readings 
Case Studies 
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Module. No: ' 1 . 
II3ADWS 


Topic: 


Special Topics ' ^ - - 


0 




Ihstructor/NCtes :' ^ ^ 


Instructor 'Outline*: Vv^ 


V - 


A. 



TRANS *AS-2:5 ' 
Bacterial Action. 



Note: Cast Iron Pipe R esea rch 
Aas||k has fjandout material 
anoOTuiovisual material- avail 
ab.le. They make presentations 



See Babbitt, Doland ff^Cleasby 



1. Discuss bacterial action , . 
a.: Iron bacteria - fnciden'ce, deposits, 

control via chlorination and copper ' . 
sulfate 

, b. ^ulfcfte breakdown and pot^tial for it - > 
low flow* anaerobic areas. Possible ac'ld 
formation . • ' . 

2. Discuss external corrosion 

a. VJhat factors are involved? 

b. Methods of protection 

3. Discuss well problems with defjositioni 
corrosion and iron bacteria 

4. Analyze well probTerir>sa4e study 



Module No's: 
tl2XWS & II3ADWS 



Topic: 



eferenc? Mater-^als Utilized in Developing 



'The. Modules 7 



-* — ^ 



Instructor Notes 



Cfflorine Feeding, p.45-58 

Iron & Mctnganese Control, p. 
^ 59-62 • 

Scaling' & Corrosion Control, 
p^ 63-68^ 

Fluor4'de feedi.ng, p^72-73. 



Softening, p. 171 -78 

Corrosion & corrosion control 
' p- 197-207 . / ^ . 

Fluoride deposition, p.2V4rT5 

Operation & Maintenance' pf 
^Distribiition Systems, 219-20 

Plant .Structures , P..234 

Marble Test, p.2§l.-83 

> 

Fllters^in Softening Plants, 
p. 277-78 

Corrosion Phenomena Causes 
' aiid Cures, p. 295-312 

Chemistry ' of the Lime-Soda. 
. Process', p^313-39 

Iron and Manganese, p. 378-396 

^Hydrofluos^licic Acid, '419-2P 

Nuisance organisms', 'p*494 



Wells, p^60-67, :73-77 

Metallic Corrosiofi, p. 274-88 

Recarbonation.,^ p.514-88 

Misc. methods of treat., p, 
• 572-77 



Instructor Outline:' 



AWWA , Bajic Water Treatment Operator's 
•.Manual, AWWA No.M18ri971 ^ 



N.Y. Dept. of Health, Manual of Instruction 
for Water Treatment Plant Operators , 
Health -Educ. Service, N.Y.f 



AWWA, Inc. Water Quality and Treatment, 
3rd Edit. McGraw-Hill, 1971 



Babbitt, H.E., Doland, J.J., Cleasby, J.L. 
Water Supply Engineering , 1962 



■8 



Module Nojs: ' 
II2XWS & II3ADWS 



Topic: 



Reference Materials Utilized in Developing 
The Modules* 



.A 



Instructor Notes 



Instructor Outline: 



Calcium Carbonate Saturation, 
p. 61-63 

Iron & Sulfur Bacteria, 993-999 



Chemical equilibria^ p. 31-38, ' 
p. 59 

Alkalinity, p. 327-39 
Hardness, p. 347-355 - - 

Water Softening, pv356--62 
.Iron & Manganese, p. 446-52 ' 



Chemical Precipitation, Stabi- 
lization and^ Ion Exchange, 
p.29-^1 to 29-34 ' 

Corrosion, 30-15 to 30-26 . 



Amer. Public Heal th* Assoc. , Stanjdard Methods 
For the Examination ofr Water and Waste- 



water, 14th Edition^, 1976 



V 



Sawj^er, C.N. & McCarty*, P.L., Chemistry fon 
" Sanitary Engineers ^ 2nd Edit, 1967' 



/air, G.M., Geyer, J.C. & Okun, D.A., 
Water and ^ Wastewater ERqineeririg ,"%^l 
2. 1968 



Klebe^ John P; "The Effect of Water Quality 
. on the Corrosion of Pipe Lines", p264-290 ' 
Proceedings of the Second Annual Under- 
ground , Corrosion Short Course' , Lafe 1950*s 

larson, T.E* "Corro^'on by -Dojaestic Waters" 
Illinois State Wat^r Survey Study, 48 pages, 
mid 1970* s / / ' ^ > ^* 

Ra\lston, P;Hi., **Inhibi ting. Water Formed Depo-^^ 



WWW..^ ^ ^ - - f. ^ — _.-w..,^- 

sits with Threshold Compositions", p. 39-44, 
V.ll No6 Materials Protection and - Perfor- 
mance , June 1972 - ■ 



Mullen E.b. & Rittef, J. A. "Rotable Water, 
. Corrosion Control" p. 473-79, JAWWA,. Aug 
197-4 ,. - . .,. 

torrosion Article Series - Aug 1974^ JAWWA ' 

Weers, Walter A. and Middlebrooks , E.J., "A * 
Review of the Theory and Control of Corros-ion**, 
*R18-R29, Water Bnd Sewage Works , Ref. No. 1967 * 

19- . ^ 
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In 



hibiting. Water Formed Deposits 
w ith T h r e s ho I d C o m p o si ti o 



p. H. RALSTON, Calgon Corp., Pittsburgh, Pa. 



Wa 



used in commercial applications is not pure 
H2O but contains a var^et^ of anipns, cations, dissolved 
gases, and particulate rnatter. When this aqueous raw 
material is concentrated^ blended, pressurized, seeded or pH 
adjusted, xrombmation^ of siale forming anions and cations, 
can exceed (heir solubility limit, and water formed deposits 
occur. These- w^ter formed deposits may be reduced or 
eliminated by the removal of uadesirable anions or ci^tions 
in precipitation or ion exchange reaction^. Often the 
deposition can be controlled by pH adjustment or reduc- 
tion of the number of concentration cycles. However, in 
many inSustrial applicatfons; these^ alternatives are expen- 
sive or impra^ctical. On the' other hand, treatment of the 
problem water with small amounts of. certain chemical 
compositions can be an effective and economical solution. 
This chemical process has been termed threshold treatment, 
and treatment rates of 0.1 to 10 mg/1. have been called 
threshold concentrations. ' " 

• J 

Organic Threshold Inhibitors 

Four general types of pr^anic threshold inhibitors have 
•beed fouBd particularly useful in controlling water formed 
deposits. Three' of these compositions are phosphorus 
bearing and are classed as phosphonates, diphosphdWtes, 
and phosphate esters. The fourth type contains np phos- 
phorus and is a polyacrylate. 

The most representative and 
phosphonates 4re the- family of 
phonates (AMP) with their 



most, widely applied 
aminomethylenephos- 
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linkage. In the empirical formula (Figure I ), M represents a 
monovalent metal, hydrogen or amnfbnijim group. When n 
= 0, the structure yepresents the monoaminomethylene 
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1, Hydroxyethy'lfidene-IJpiphosphonate (HEOP) 




Amine Phosphate (! 



Figure 1 ~ Chemical structure of AMP. HEDP. and AP. 
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phosphonate (AMP-0). 'With n = I, the- structure is .;he 
ethyl^nediaminomcthylene phb.s*phonic acid (AMP- 1). Poly- 
mers at least as high as AMP-5 have, been found to be 
effective threshold inhibitors. , - 
The diphospftonatesare characterized by^ 

► 0 0- 

-UJ- ~ ' ■ 

bonding arrangement. The l-hj^droxyethylidene 1, diphos- 
phonate (HEDP),- sometimes referred to' as ethanol diphos- 
phonate (EDP), is the m^st j^eprespntative of the (iiphos- 
phonates (Fjgure I). In the formula, M represents hydro- 
gen, monovalent metat; or an ammonium group. 
Jhe phosphate esters have the^phosphorus in a 

* ' ' 0 . - 

' ^ » I II 

-C-O-P- 



arrangement. The phosphate ester evaluated in this study 
was an amine phosphate (Figure I). The M represents 
hydrogen, a monovalent metal, or aramonium group; R is a 
, hydrocarbon moiety. Depending on the synthesis proce- 
dure, n may be, 0 or more, and inorganic phosphates or 
polyphosphates may be present as by-.products. Approxi- 
mately 50% of the phosphorus content of the est'^r Used in 
this study was present in the orthophosphate fortn. 

The nonphosphorus bearing threshold inhibitofs have 
been known tor many >^ears.**^ Long chain polymers 
containing repeating carboxy groups have been the most 
widely used. Presently, the \oW molecular \veight poly- 
acrylates are the most representative threshold inhibitors of 
the nonphosphor^is type. These polyacrylat-es have repeat- 
ing {)oIymeric unit^s^of 



I I, 
I I 

c=o 



In Figure 2, M represents hydrogen, monovalent metal, or 
^ammonium' groups; n may vary from <I0 to > 1 0,000 
repeating units. < , ' ' 

Inorganic Threshold IiiJiibitbrS' 

The inorganic polyphosphates are prepared by mofecu- 
larly dehydrating appropriate 'ortho phosphates and have a 
repeating • • ^ . 



r I. 

structure. The M in the pol^^phosphate formula (Figure 2) 
represents ^a monovalent mefaJ, hydrogen, or ammonium 
groilp. The orthophosphate, a*nonpolyphosphate form,^nd 
an ineffective threshold inhibitor, exists when n = 0. The 
shortest polyphosphate polymer, pyrophosphate (PP-1), 
exists when n = I and has a crystalline form. When n'is 
greater than about 3, the |groducts are glassy polyphos- 
phates. 



Common Threshold Properties 
Q The organic threshold inhibitors-phosphonates, 
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in commbn with tile inorganic polyplio^j/iiates. On the 
other ifend, the polyapylates have repeating v> 

O 



ike the inorganic 
etal scales at less 
ffective threshold 



groups. ^ 

The organic threkhc5ld inhibitors, 
polyphpsphates, inhib tj alkaline earth 
than stoichiometric concentrations. At 
treatment rates of I Wyi or less, moltr ratios of Ppart 
inhibitor/300 to I0,0()0^ parts, cation i.on "are present. At 
these ratios (far below a* mole to mole stoichiometric 
relationship), suRpressibil* of nfblei gfjwth can only be 
explained by a surface phenomenon. , 

Organic anjdl*^ inorganic threshold inhibitors modify*"* 
crystal grow.th at less tjia^ optimum tl refold concentra- 
tions. When crystallizatiori.ls almost completely inhibited, ^ 
the crystallites are markedly reduced in liuqjber, enlarged in 
size, and grossly deform 

In the laboratory, c^lgium carbonate crystals were 
allowed to develop in sipersaturatet) scJutions containing 
subthreshold levels of organic pho^phi^n'ate (AMP-O), di- 
phosphonate (HEDP), phosphate ester (\P), and ino/ganic 
polyphosphate (P}>-12). fhe small, regular rhombohedronf 



obtained from the untreated solution 



contrast, with the 



larger, rounder, distorted 



di- 
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treated solutions (Figure 



crystals formed in {he threshold 
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and in the/ presence 
inhibition data. 

. • Ve-Vo 





^ 



FigCh-e 3 — Calcium carbonate (CaC03) crystallized in the presence 
of a) no inhibitor, b^jaolyphospliate, c) phosphonate (AMP-O), d) 
diphosphonate (HEC5P). and e) amine phosphate (AP). 



The organic threshold scale inhibitors, like the in- 
organic polyphosphates, are also useful corrosion inhibitors. 
Used alone or in combination with zinc or chromate, they 
effectively inhibit the oxygen corrosion of ferrous and 
nonferrous metals. Moreover, the organo-phosphorus 
threshold inhibitors, like their inorganic progenitors, have 
excellent sequestering properties. At concentrations in the 
stoichiometric range, the organic compositions chelate v 
multiVafent cations in a soluble complex in competition 
with scale forming anions. ' - 

Laboratory Eval^tions 

The polymeric nature of the inorganic and organic 
threshold cbnipositions results in a multiplicity of possible 
. • products. As potential scale inhibitors, they canjbe evalu-^ 
ated in the laboratory under controlled conditions and for 
particular types of scale. Screening tests could involve 
— liispepsing or flocculating the solids or conditioning the 
particulaietSo make them nonadherent. However, in this 
evaluatioi, no aHempt was made to altVr the scale forming 
deposits. Rather, the inhibitors were rated for their ability 
to retani or inhibit ' the original precipitation by the 
A^hresjfoKi mechanism. 

jrhe laboratory screeriing t^ for calcium sulfate 
,^ involved a staggta^, 24 hj^.^torage_J)eriod at 66 C(150 F) 
^ with the "scale foming constituents at Several times their 
normal saturation level. Thejsupersaturation was developed 
by co-mixing solutions of sodium slilfate and calcium 
chloride. The inhibitor trealment was added to the scale 
- forming anion solution prior^o the addition of the scale 
forming cation solution. 

The temperature and scale saturation levels were higher 
than encountered in piost cooling water applications but 
were considered appropriate for a rapid screening »test. 
Several }hoi^and milligrams/liter of sodium and chloride 
ion were present as a result of the supersaturation tech- 
. nique, but such^soluble ions are present in commercial 
cooling waters. ^ 

Th^ effect iven'ess of the threshold scale inhibition was 
determined by titption '(of the soluble scale forming cation 
using the Schwarzenbach Method- (EDTA), Titration 
volumes representing the total calcium ion present (Vy), 
O ' calcium ion present in the absence of inhibitor (Vo), 
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hfSitor (Ve) yield percent 



Vt-Vo 



X 100 5= %4nhibition 



One hundred percsnt inhibition represented no deposition 
oT scale, while 0% inhibition represented precipitation* when 
* no inhibitor ^eatrpent was present. / 

Calcium Sulfate Stabilization' 

' Foyr sodium polyacrylSte polymers were evaluated as 
calcium sulfate inhibitors. The n-values of these acrylates 
were 'approximately 10, 25, 50, and .100; the theoretical 
calcium^sulfate concentration in the test solutions was 6800 
mg/1. This^is 2,3X the contrel (uninhibited) concentration 
of 2960 TOg/l*CaS04 after 24 hrs of stagnant storage (150 
•F). . * , . 

Experimental calcium sulfate in'hibititpn data for tbe 
four sodium .acryjate polymers show that th'i shortest 
acrylate polymer, n '^10, was an effective inhibitor fpr 
controlling" C5S04 ^HjO depo;sits. One hundred percent 
inhibition was obtained at an inhibitor treatment rate of 
. about 2.^^mg/l of active sodium polyacrylate. The poly- 
acrylate with n '^25^ was much less effective, while the' 
higJ»«i-jnolecular wci^t polymers ^showed very poor cal- 
cium sulfate inhibition. 

Other organic tlireshold compositions were evaluated 
by trt^-^ame test, method. The following concentrations of 
100% active^inhibitor (as the acid) were required to give 
fOO% inlpbition of calcium sulfa^e depositiAi (in those 
(ca^s wheTe complete stabilization was ndt obtained, the 
ex^)eonf^§ntal ■perce;it inhibition is noted iri pa'rentheses): 
phosphonate (AMP-'l), V.5 mg/t; amine phosphate. (AP),,4. 6 
mg/1; polyphosphate (h = 2), 7.5-"1n'g/l, ^(90%); and 
diphosphonate (HEDP), 30.0, m"g/J, (20%). 

Hydrated Iron dxide Stabilization • 
Both the organic and inorganic threshold compositions 
inhibij the development o f hydj ated iroif oxide (ferric 
hydroxide). W\ilj^fiie molar ratios of inhibitor to iron are 
not as dramati^ as in the cas^ of calciunt sulfate and 
calcium. carbon^tie, tl^ inhibitors do an effective jeb -In tl^ 
thresholdvtreatmetnt range of Mo 2 mg/1.^ * ^ 

►The iron stabilizatioi^test was.carried qut at 25 cKll 
F) in water containing 4 grain/gal hardness as CaCOa and 2 
mg/1 Fe. The iron was added to the water in the ferrous 
form; the* pH' was adjusted to 6.7 ±0'.25 to\ promote 
oxidation to the ferrfc form,^and tl\e samples were stored 
for 18 hrs. At the end of the test period, the iron bearing 
waters wfere filtered, acidified, ancj^nalyzed for iron by 
atomic adsorption. The organicfand inorganic ffireshold 
inhibitolrs were added as lt)0% active agents (as a^id) except 
in the case of the *ptolyJ|taj&te*polymer (n '^lO.which was 
present injhe neutuM^jbrm. ♦ - 

The iron stabiTOation test' showed that at a 1 mg/1^ 
treatment rate, th/ aminQjnethylenephosphonate (AltiP-0) 
and the diphosphonate (HEDP) gave 90% stabilization oT 2 
i^/l JFev The inorganic .polyphosphate "(PPrl2)_requiied 
'^bout *2 mg/1 for\this stabilizafton level. The aniine 
phosphate (APi gave 50%Jnhibition at 3 mg/1 J realm ent 
rates, an^^tlje polyacrylate (n '^10) was considerably less' 
effective. , 

Calcium Carbomte S^bilization 

, Calcium carbopate^eposits are the most prevalent scale 

'i " • -• 
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LOiTiponent in industrial cooliug waters because of the 
thelrm4 Jnstdbil;ty of bKarbunate paters during cooling 
to\yer^ (operation. Several of the org\ii1ic and inorganic 
. thresl^olc} inhibitors are excellent caluum carbonate 
inhibitors. The performant.e of four polymeric forn\s of*Phe 
aminomethylenephosphonate family (AMP-0 lo^AMP-5) 
were obtained in a 24-hr static tjsst cycle (150 F) simil^ to 
the cjne previously described. The calcium carbonate 
concejfilration was 100 mg/1 (4X the control saturation of 
25* mg/1 CaCOj), the original pH was 10 to 10^4. Small 
amounts of sodium and chloride ion were present from the 
co-mikture of sodmm carbonate and 'calcium chloride 
solutions. ^ 

The most effective AMP polymer was AMP-0 which 
gave complete calcium carbonate stabilization at 0.25 mg/1 
of 100% active acid. Polymers AMP-1 and AMP-2 required 
' • about' 0.45 mg/1 and 0.5 mg/1 for complete calcium 
tarbonate stabilization. 

Qther organic and inorganic threshold inhibitors were, 
evalujited as calcium carboniite inhibitors by the same test 
metltodfAll inhibitors were checked at 1 00% activity of the 
acid ^It except in the cas«i of the sodium polyacrylate (n 
^10*)'] Th^ threshold treatment rates. required to obtain 
100% GaCQa mhibition are phosphonate (AMP-0), 0.25 
mg/ll' diphosphonate (HEDP), 0.25 mg/1, polyphosphate 
(PP-2), 0 3 mg/1, (95-100%), polyphosphate (PP*1), 0.35 
mg/1 ■ (95-1 00%), phosphonate (AMP-1 ,2), 0 45 tb 0.5 mg/1; 
E\olyrhosphate (PP^12), 0 5 mg/1, (95-100%), amine phos- 
phate (AP), 0.5 to 0 7 mg/1,' (90-95%), and polyacrylate, 
sodnim (n '^lO), 1.5 mg/1. In those cases where inhibition 
was lot complete, the maximum percent inhibition is noted 
in pi rentheses. 

'J » . - 

CDmMtibility with Corrosion Inhibitors. 
an<| Cjfher Water Constituents 

J Sevi^al of the orgaruc and inorganic compositions-the ' 

. • . phpsphorW (AMP-0, 1^, 2), the diphosphonate (HEDP), 
th4 polypho^ates (PP-*!, 2, 12),,and the amine'phosphate 
^fA^)- effect ivery inhibited calcium carbonate iii the short 
te^m screening^ Uest^. However, in many industrial applica- 
tions, the threshold compositions must be effective over 
Ibng periods of time at elevated temperatures. Likewise, 
^siQ£e threshold scale injiibitors are reg\ilarly used in 
comoihation wjth corrosion irrhibitor systems, compati- 
bility with Zn"*"*^ and chromates is required. Organic 
biQcides 6t chlorin'^for solid calcium carbonate "seed^*) are 
often present in threshold treated waters, and compatibility 
■j^s de^^ble and often mandatory. The influence of these 
variables on the usefulness of threshold scale inhibitors was 

4 investigated. • 
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Stability 

The inorganic polyphosphates tend to degrade slowly 
to the orthophosphate form. This reversion product has no 
threshold injiibitihg properties ^nd is a source of potential 
calcium phosphate deposition. Elevated temperatures, 
acidic pH levels, bacteriologic growth, and time act to 
promote this reversion. • ' " 

The effectiveness of four threshold inhibitors-amino* 
sTOethyjjnephosphonat^ (AMP--O)y. diphosphonate (HEDP), 
amine phosphate (AP), Snd polyphosphate (PP-12)-in 
stabilizing calcium carbonate ^as determined over an 
extended test interval. The standard screening test (150 F, 
4X saturation) was used, inhibitor treatment levels were th^ 
minimum concentrations which would, give complete inhibi- 
^ )n or best performance after 24 hrs. The inorganic 



^polyi)hosphate^(PP-i2) elTecfiveness was reduced to 10%s^ 
inhibition after 7 days. The amine phosphate (AP) stabiliza- 
tion efficiency leveled off at about 80% calcium carbonate ' 
inhibifipn for at least 10 ,days. Both the phosphonate 
• (AMP-Cf) and the diphosphonate (HEDP) exhibited 97 to 
1 00% inhibition-after 22 days. 

The loss of calcium carbojiate inhibition in the 
presence of the polyphosphate (RP-12) can be correlated 
with the solution degradation of the polyphosphate. On the 
other hand, the organic threshold inhibitors gave little or no 
indication of reduced Valcium carbonate inhibition with 
time. Any degradation of the amine phosphate (AP), the* 
diphosphonate (HEJDP), or the phosphonate (AMP-0) did 
^ not^markedjy affect its ability to stabilize calcium car- 
^ bonate. ^ 

* Cbmpati^ility with Zn** 

In many cooling water systems, the corrosion inhibitor 
contains soluble, zinc as one of^ its components. The * 
compatibility of the four threshold inhibitors with zinc ion 
was followed by the laboratory scteening lest for calcium 
carbonate stabilization. Test conditions and inhibitor coft- 
centrations were the same as those previously described 
with the ^ception that zinc ion was added at 2.5 mg/1. 

The percent inhibition Achieved with the zinc-phos- 
phonate (AMP-0) and zinc-amine phosphate (AP) combina- 
tions was similar to the calcium carbonate stabilization 
found irfTftf absence of zinc ion. The stabilizing power of 
the diphosphonate inhibitor was adversely influenced by 

»the zinc additive. This conbinatlpn exhibited only 75 to 
80% calcium carbonate inhibition rather than the 95 to 
100% obtained in the absence of zinc ion. The inorganic 
polyphosphate (PP-12) stabilized calcium carbonate tnpre^__ 
effectively in the' presence of the kinc ion than in its 
absence (55% inhibition vs 1 0% inhibition @7 days).^Vhile 
the inorganic polyphosphate (PP-1 2}-Zn system was not 
as effective on calcium carbonate as the organic composi- 
tions over extended timfe. periods, the favorable influence of 
zinc ion on polyphosphate performance suggested that the 
polyphosphate reversion rate had been redilced. ^ 
This effect of zinc ions on polyphosphate reversion 

i rates was investigated in laboratory storage tests. Synthetic 
cooling ^water (700 mg/1 sofids, 95 m^/l Ca^^, 20 mg/1 
Mg**, 100 mg/1 HCO3") was sterilized to eliminate bacte- 
riological variables, and treatment levels of 15 mg/T poly- 
phosphate (PP-12) and 3 mg/1 Zn"*"*" w^re added. The waters < 
were stored in stoppered glass flasks at' 93 F ±0.5 with 
solution pH values maintained at 7.3 ±0.2. The ortho- 

, phosphate degradation product was followed regulaj'ly with 
colori#netric analyses^ T'^ ^ 

0 Percent buildup of the orthophosphate reversionr 
product with time was noted. The polyphosphate (PP-13) 
treated water showed 28% orthophosphate after 1 weak 



and 45% orthophosphate after 2 we^eks. The solut 



treated with polyphosphate (PP-1 2)-2n"*'/ contained \Z and 
20% orthophos^?hate. The addition of 3 nig/l Zn"*"*" to he 
- polyphosphate solution doubled its effective life. Under ^he 
Same concentration and storage conditions, waters trea 
with AMP-0 and Zn'*"*' contained only about 1% ort 
phosphate. C 

Compatibility with O** 

Many cooling watfcr corrosion inhibitors contain 
chromates or dichromates, and threshold,scale control must 
♦ be effective in the presence of this environment. The four 
types of threshold inhibitors were evaluated as calcium 
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Ldibundte inhibitors in the 4^rebence of 2.5 nig/1 c 
(as CrOa). The laboratory screening test and the 
CO*!! cent rat ions werf the same as used earlier. 

The phosphonate (AMP-D^Cr*^ th|e dipho 
(ilEpP)-Crt*^, and the amine phosphate tAP)-Cr^^ 
naKons inhibited calcium carbonate deposition con 
for the 7-day test periodT TJje amine phosphate 
system gave -better mhibilion than was observed 
absence of chromate. Improved performance with 
also. noted for, the polyphosphate (PP-1 ?)-Cr*^ i 
compared with polyphosphate alone. These jmprov 
suggest a ^slower /reversion rate or t^Q mactivat|i 
orthophosphat^ in the presence of chromium ion. 



Compatibility' with Biocides 

Threshold^ scale mhibitors must remam .effect 
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combination with oxidizing and nonoxidizing bi>cides, 
normal components of mdustrial cooling .waters. Calcium 
carbonate stabilization tests were carried out using the 
standard screening test and inhibitor concentrations . 
necessary for 'complete mhibition (or maximum perform- 
ance) afler 24 hrs of storage. The chlorine level was 2 mg/1, 
and approximately 50% vdas present as free chlorine. After 
24 hrs of storage, the four representative threshold inhibi- 
tors showed the normal 90 to 1 00% stal5ilization of calcium 
carbonate. , - 

The calcium carbonate stabilization tests carded out in 
the presence of chlorine were supplemented witH chlorine 
stability testsJTwo mg/l of chlorine "150% free Cl2-50% 
combined 02)^^^ added to* solutions contaiiijng 5 mg/1 
(acid equivalent) Af the actTve threshold inhibitor. The 
percent of free chloVine present in the test solutions after 5 
minutes (pH 6 6 ±0J) was polyphosphate (PP-i2), 90%?; 
phosphonate (AMP-0), 10%; diphosphonate (HEDP), 100%; ' 
and amine phosphate (AP), 90%: ' • 

When 5^g/l Zn** was added to the AMP-0 solution, 
the percent of free chlorine in solution was 80%. This- 
suggests that in the absence of the corrosion inhibitor 
component-Zn**, chlorination of AMP-0 treated waters 
should be carried out a slug treatment cyqle. . 

' Nonoxidizing biocides weie also tested for theii^ effec- 
tivefTiess in the presence of tht 'threshold scale inhibitors. 
The biocide was a chlorophenate (37.5 mg/1), and the test 
organism was the aerobic bact'eria-aerobacter aerogenes. 
Synthetic cooling waters containing 15 mg/1 of the active 
threshold inhibitor (as acid) or 1 5 mg/1 inhibitor ifnd 5 mg/1 * 
Zn** were inoculated with the bacteria, held for 3 hrs at 
room temperature, and incubated at 35 C (95 F) for 48 hrs. 
The percent bacteria kill and a comparison of the bacterial 
counts with and without biocidal treatment are given in 
Table 1. 

These results show that the polyphosphate j[PP-l 2) aitd 
the phosphonate (AMP-0) have no adverse effect on the 
biocidal action of the chlorophenate. The presence of the 
diphosphonate (HEDP) appeared to reduce somewhat the 
bacteria kill, while the amine phosphate (AP) improved its 



TABLE 1 - Percent Bacteria Kill 



Biocide 
(37.5 mfl/I) 


Threshold Ag«nt 
(15 mg/1) 


(5 mg/1) 


56% 


pp.12 


58% 


91% 


56% 


AMP-0 


52% 


81% 


56% 


HEDP 


38% 


75% 


56% 


AP 


90% 


100% ^ 



performance. In-the presence of both Zn** and threshold 
mhibitor, thc±>iocidal action was markedly improved in all 
cases. This indicated that biocidal' agents of the chloro- 
phenate type were compatible with threshold scale inhibi* 
tor-components. 

Compatibility with CaCO^ Solids 

Calciurp carbonate stabilizatusi in industrial coohng 
water systems may not alwaysVbe completely free of 
deposition. When the treatment 'raVes are \rtadequate tor 
irregular and whein scahn^ conditions are variable or. 
unmanageable, calcium carbonate may be deposited. To 
determine the effect of predeveloped crystals of calcium 
carbonate on threshold-treated cooling waters, 2 mg/1 of 
calcium carbonate "seed" was added to the laboratory 
scaling solution. Inhibitor concentrations were just suffi" 
cient to give complete or best possible calcium carbQnate 
stabilization under regular te§t conditions, The percent 
inhibition data were^very similar to the calcium carbonate 
holdback observed under the same test conditions in the 
absence of^ calcium carbonate **seed". This ability *of 
threshold scale inhibitors to stabilize water-formed calcium 
carbonate iA the presence of preformed carboria<e is 
another reason for their widespread and successful cOm- 
'mercial applicatipn. * ~ • 



Removal of Threshold Inhibitors 

. The threshold scale inhibitors investigated in this stud^ 
are suspect in the present emotional attack on phosphates. 
Even though the treatment^ rates of these phosphonis ' 
bearing compositions are in the low mg/1 range an(l well 
known and useful methods are available for their removal, 
ecologists. continue to class these compositions as pol- 
lutants. ' ' , w ' 
Activated carbon holds some promise for the removal 
of<.the higher molecu^r weight«organic polymers. However, 
present carbon efficiencies are low, and car^Jg>Ir^renewal 
costs would be high. Membrane filtration may soon be a 
useful metjpod based on the improvecj membranes and 
rejection ra?es presently being obtained. 

Conventional water gnd sewage treatment based on 
bacteria, lime, conventional flocculants, or new poly- 
electrolytes .are presently the most general and most 
practical approac^>tQthe removal of phosphorus com- 
pounds. Empirical data sliowihg the relative ease of removal 
of-<hese threshold compositicftis were obtained in simple 
^laboratory tests. The threshold scale inhibitors were present 
at concentrations equivalent to 15 mg/l-of active acid. Lime 
was added at the rate of 2bO mg/1, iron (Fe**>was added at 
a ratio of 2 Fe:l P, and the solution was adjusted to pH 
9.0. After 5 minutes of mild agitation and 2 minutes with 
no agitation, .the solutions were filtered, and the filtrates 
analyzed for total phosphorus (as PO4). The inorganic 
polyphosphate (PP-12) was ^-emoved most effectively 
(90%). The diphosphonate (HEDP), the amine phosphate 
JAP), and the phosphonate (AMP-0) showed less effective 
loval in that order^ 

vRapid and accurate analytical methods are desirable for 
following the treatment rate of threshold scale inhibitors. 
Waters containing polyphosphates,' phospfionates, atid di- 
phosphonates can be checked at the^application site by a 
rapid color imetric titration using rhorium nitrate and 
xylenol orange indicator. The thorium test i^ not promising 
for the.amine phosphate evaluated in this study because^it 



v(AP), 
Ncmo^ 



contains a substantial amount of orthophosphate, and high 
c^^i^ntrations of orthpphosphatf cause interferencein the 



thorium test. Analytical tests for p6]>acr\Iates are not wcj) 
adapted to fieW 'use. 

In the laboratory, solutions of the polyphosphate can 
be analyzed colonmetrically by the reduction the 
phospho-mo!yb<fenum complex /ollo\Mng a . boiling^ acid 
operation Solutions containing the organic phosphorus- 
bearing compositions can be evaluated by a similar r^ethod 
using sulfuric acid' and persulfate in the boiling step. 
Acrylate concentrations can be followed in* the laboratory 
by precipitation as cupric acryilate or adsorption of tlie 
acrylate methylene blue complex, but procedures are time 
consuming. ^ ^ » 

Cost Effectiveness ' ^ 

\ The cost effectiveness jof a thr<?shold s,cale inhibitor is 
of .prime importance. Those investigated in this stu^ have 
exfiibited widely different efficiejjcifes under differenf 
scaling parameters, and their cost also varied over a broad 
range, vbviously, selection of a threshold scale inhibitor 
will be rs^ed ^n the most jsffective iijhibitor at the lowest 
cost, but product availability, ease^tjf application, a?id 
service will influence the overall decision. 

The cost of the threshold inhibitors evaluated will be 
affected by the ^antities purchased, the freight rates, the 
physical form, ahd^ the producer/nonproducer status". 
Assuming the polyl^lWphate (PP-12) can be purchased in 
truckload quantities, tfte 100% active acid ^compositions 
would cost approximately^\SO. 15 tcf SO 20/lb. The amine 
phosphate (AP) and the phos^onate (AMP-0) costs would 
be about three times this rangi^ and tlie diphosphonate 
CHEDP) and the polyacrylate (nX^O) would cost 5 to 6 
times this amount. 

Summary • 

The threshold compositions which were ^vatuated 
possess a large number of the proper.ties desired in a good 
inhibitor for water formed deposits. Tijpatment with 
threshold amoun?s of the phosphonate (AMlf-O, 1) g*ve 
excellent <^Ontrol of cakium carbonate, hydrated iron 
oxide, and calcium sulfate. Substoichiometric ^^mounts of 
the diphosphonate (HEDP) also^gave excellent ^hibition of" 
carbonate and iron deposits, but calcium sulfate stabiliza- 
tion was poor. The amine phosphate (AP) and pcljlyacrylate 
(n '^10) were excellent to good as threshold inhibitcrrs for 
calcium sulfate but were poor stabilizers of hydrated iron 
oaide. The polyphosphate (PP-1 2)-performed welj in short 
term tests as a^ threshold inhibitor for calcium Carbonate 
arvfi iron oxide but showed only fair inhibition o^ calcium 
sulfate. ^ , ' . ^. 




The foifr phosphorus bearing* threshold compositions 
effectively controlled calTiTnfiTWbonatc deposition, the 
most N\)dely encountered cooling water scale. In general, 
the phosphonates, diphosphonate, amine phosphate, and 
polyph£ii§hates were compatible with Zn**^, Cr*^, 
oxidizing. antiwRonoxidizing biocides, and calcium* inirbonate 
**3eed**. In the lab^atory tests, time-temperature instability 
was noted with the poly phosphate inhibitor (PP-12), and 
the diphosphonate exhibited reduced effectiveness in the 
presence of Zn** and the chforophenate biocide. The 
phosphonate (AMP-0), in the absence of Zn*"*^, reacted with 
chlorine, but cajcium carbonate stabilization was not 
adversely affected. The amme phosphate (AP) appeared to 
be limited in its ability to completely inhibit calcium 
carbonate under the conditions of the^teSt. 

Analytical procedures for the determinatwn of low 
concentrations of phosphorus bearing, threshold inhibitors 
were deemed adequate. Phosphate removal methods are 
well known and require only modification and upgrading 
to* satisfy pollution standards. Laboratory screening tests 
related to cost effectiveness can be useful fn selecting 
threshold scale inhibitors for comftiercial applications.^ 

^ @ . ^ 
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STABILITY - DEPOSITION 



STABILITY - CaCOa EQUILIBRlUt^. . A CHARACTERISTIC OF. A WfTER RELATED 
, TO ITS TENDENCY TO DEPOSIT CaCOa OR BE -CORROSIVE TO M5JAL 

SURFACES 

. . * • 

DEPOmiON CONCERNS ' * • " 

DEPOSITION IN TREATMENT PROCESS EQUIPMENT AND PIPING - eg. CaCOa, 
Iron oxides, CaF.- Interference with flow and operations 

DEPOSITION ON FILTER MEDIA - Media change, backwashing 

DEPOSITION OF'CaCOa IN DISTRIBUTION SYSTEM - Resistance to flow.. Inc. 
■ head loss \ • . .i,^, 

DEPOSITION IN- HEATED WATER SYSTEMS - >1eat transfer, failure 

IRON DEPOSITS FROM COI^ROSION OR NATURAL SOURCES - Iron bacteria, 'Tube 
culation. Staining, Water flow . ' 

MANGANESE DEPOSITS FROM-NATURAL Mn SOURCES - Staining" 

WELL SCREEN INCRUSTATION AND WELL EQUIPMENT DEf^OSITS - Restrict flow 
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CORROSION 

c 

CORROSION - TOE DESTRUCIIoIt OF A METAL BY CHEMICAl] OR ELECTROCHEMICAL 
.REACTION WITH ITS ENVIRONMENT ' 

CORROSION CONCERNS 

LOSS OF METAL FROM PJPING DUE TO WATER-METAL SURFACE 'ACTION - Pitjting 
INCREASE IN IRON CONTENT OF WATER SUfPLY - Staining 



DEVELOPMENT OF IRON DEPOSITS - Tuberculation, stai 



DETERIORATION OF PROCESS EQUIPMENT IN CHEMICAL FEED AREAS - eg. Hypochlorite, 
H2SiF6 . * . • - 



ning*, water flow 



EXTERNAL CORROSION OF METAL SURFACES IN PROCESS AR 
Interference, Appearance 

EXTERNAL CORROSION OF BURIED PIPE; 

COPPER CORROSION WITtl'sOFT WATER - Staining 

WELL SCREENS, CASINGS, SHAFTS 



:as, pipe galleries 
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WATER QUALITY PARAMETERS 



pH - log 



less -than 7 - Acid\ 
greater than 7 - Alkaline/ 



ALKALINITY- 



HARDNESS 



Hydroxide (OH^) 
Carbonate (CO3) 
Bicarbonate' (HCO^) 



^Calcium .(Ca"*"^); Magnes 
Carbonate (p: Alkalini 
Non-carbonate SO4) 



IRON 



Ferrous (Pe"'"''") ; Ferric 



PHOSPHORUS - Polyphosphate e.g. Na, 

Orthophosphate e.g. Na 

Polyphosphates hydroly 
■to the ortho fomj - ra 



urn (Mg^^) 
:y e.g. HCO3) 



(Fe«^) 



with temperature increases. . 



™4>6 

5^ in aqueous solution 
e of reversion increases 
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WATER SOFTENING REACTIJ9NS 
Chemical >recipi tatlbn^ ^' ' • 

'Ca(HC03)2 +' Ca(0H)2 = 2 CaCO.'^ + 2 H2O 
Mg(HC03)2 + Ca{pH)2 = CaCOs + MgCOa + 2 
MgC03 + Ca{0H)2> = CaC03 + Mg(0H>2 

MgS04 +.Ca(0H)2 = CaS04 + Mg(OH)? 
CaS04 + Na2C03 = CaC03 + Na2SQ4 
CO2 + Ca(0H)2 = CaC03 + H2O 



Ion Exchange 



Ca 
Mg 



^ jHC03) + Na2R = ^^^R + 2 NaHCO, 



Sg? % + Na2R; = S^gi R >V Na2S04 




/ 

/ 



/ 
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FORMS, OF ALKALINITY 
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pH 



Relationship between carbon dioxide and the threes forms 
of alkalinity at various pH 'levels. (Values calculated 
for a wat^r with a total alkalinity of lOQ mg/1 ajt 25^) 
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^ CaC03 EQUILIBRIUM pH 



• CaCOg (s) 6=^ Ca'*"*'vt CO3" 
Ks = [ca'%03--] 
HCO3- 

^ _ [h1[c03>] 
2 " [HCO3-] 

[h'^][oH"] = Kw 

[au].+ [h^] = 2[C03=] ^IhCO{\ . [oH-1 



H'*'.+ CO- 



From the above Langlier derived I* formula for pHs 

1 . - - 

pHs = pK, '- pKs + pCa + pAlk 
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SATURATION pH 



THE pH AT WHICH WATER WOULD NEFTHER -DEPOSIT NOR DISSOLVE! 
CALOJUM CARBONATE' , , v. _ 

FACTORS AFFECTING pHs ARE: Calciim 

Alkalinity^ 
( ' Temperature 

Total Dissolved Solids 



XALCULATION: 

;1. USE NALCO-AQUAGRAPH ' 

-2^ USE LARSON-BUSWELL DIAGRAM 

3. USE STANDARD METHODS TABLES, (p.- 62) 
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PAGE 35 "SATURATION PH LARSON-BtJSWKLL .DIAGRAM" 
REMOVED PRIOR TO BEING SHIPPED TO\EDRS FOR • 
' FILMING DUE TO COPYRIGHT RESTRICTIONS. 






STABILITY INDICES , * 

LANGE L I ER-'S. SATURATION INDEX (S.I.) 

S.I. = p|;l- Actual - pHs ^ . 

Where pHs. is the pH of sattjVatior 

A plus value indicates;;' 
A lack o*f excess CO2-' 
CaC03 scale-forming qualities 

0 

A minus value indicates: 
An excess -of CO2 ; 
Scale dis'solving properties 



J 



Note : The S.I. is not quantitative but' s-hows 
directional tendency ^ 

' RYZNAR - INDEX (R.I.) ^ ^ 



■ R.I. = 2 pHs. — pH . * ■ - . 

Values greater than- 7.0 indicate a corrosive water 

Values leTs than J. 0 indicate a scale-forming'^waten 

-? > ^ 

Note : .The Nalco Ac^uagr-aph uses '6.0 as a bKeakpoint.- Also 
see figure. ^ 
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RYZMAR IKDEX 



INCRUSTATION 





HCAVY SCALE AT 60* F 
HCAVr SCAIC IN HOT VSATCR HEATERS 
HtAVY SCALE IN HUTtRS MO COILS 
SCALCHN HEATERS 
SCALE IN HEATERS 
SCALE IN h^TERS ' 
SCALE (N HEATER COTLS 
IQVE SCALE AT 60* F 



SCAIE IN HEATER UNLESS POLYPHOSPHATE AOOEO , 
SLIGHT SCALE-CORKOS^OM H»CM TEMP -POLYPHOSPHATE, PRESENT 
NO OlfflCULTtES EXPERJENCEO 
COyPLA'NTS NEGlKiBLE •[ 
KO SCALE OR CORROSION I 
PRACTJCAILY NO RCO V.'ATER COMPLArNTS 

ONLY SLIGHT ^CCJ^ROSION AT ISO' f 

SCALE IN MAINS 
PRACTICALLY NO COMPLA'NTS 
COffROStON I 
•QUITE CCRROSlVf AT ISO* F 
•CGSSOStON IN Hof V.'ATER HUTERS 

CpSROSJOS IN C0£0 v/AlER I NES 

SEVERE CORR6SfOr<-REO V.'ATE« * 
SOVE CORROSION IN COLO WATER MAINS 
32 HEO WATER, COIC'PLAINTS IN ONE YEAS 
CORROSION IN COLO V/ATER MAiNS 
CCRROSIDH IN COlO WATER VAiHS 
NyVEROUS COMPLAINTS OF REO WATER 
RtOV/ATER 



SEK^)US CORROSION AT iTo* F 
234 REO WATER COMPLAINTS IN ONE YEAR 
VERY CORROSIVE AT ISO* F j ^ 

SEVERE CORROSION -REO WATEH 



'V- 



13 



CQRPQSIVE AT 60* F 



CORROSfVE 



£ i5 < 



I 



COLO WATER l/AJNS 



•VERY CORROSIVE AT 60* AKO ISO* F 
CORROSION m ENTIRE SYSTEM 
J_ 



SEVERELY q^ROSIVE TO M|kiNS ANO INSTALLATIONS ' 



XSok Reported 
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STABILITY INDEX - SAMPLE PROBLEM 



WAT^R ANALYSIS 



Ca ; 
ALK 
TEMP 
TDS 



. PH 



200 mg/1 as CaCO- 
60 mg/1 as CaCOj 
•16 "g-' • 
650 mg/1 
9.0 



Froai ^d. Methods - 8.00. 
From Nalco Aquagraph - 7.87. > 
From Larson-Buswell 

pHs = 9.30 .+ (0.17 + 2.08) 



- (1.50 + 1.78) = .71.87 



Langelier 'Saturation Index 

, .S.I. = pH-- pHs =.9,V- 8.0 = +1.0 • Scaling Tendency 



Ryznaj 

R.I. ^ 2pHs.- pH 



2^8.0) 9.0.= 7.0 Slight Corrpsive 

Tendency i 
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CALCIUM carbonate" STABILITY TEST 
(The MaJble 'Test) ' 



Ref: AWWA- Inc., "Simplified Procedures for Water Examination", 
Manual UIZ, 1964 . •• 

See p. 21-22 for detailed procedures .' , 



MAJOR FEATUP 



, ■ DETERMINE aLKALINIT 



S of fEST " * 
ON PORTION OF SAMPLE 



ADD EXCESS Of CaCOg TO ANOTHER PORTION. IN A 300 ml GLASS 
STOPPERED BOD I BOTTLE. 



MIX BY SHAKING FRp] 
OVERfllGHT AND-F 



J)ETERMINE THE ALKALIMTY ON FINERED SAMPLE 



NTLY'FOR AT LE7\ST 3 H0UR5v SETTLE 
LTER THE SUPERNATANT'' f 



IF ALKALINITY INCREAS 



CaCOg AND WILL NOT BE DEPOSIIiflG 



D, WATER IS m- SATURATED .WITH 




IF ALKALINITY DECREASliD, WATtR IS SUPERSATURATED WITH 



CaCOg AND MAY BE- 



DEPOSITING 
< 



IFALKALINITIES ARE 'TF 



Note: From Standard Methods 



.and^th'e partial pressi 
sample may influence 



TRA^JS 



SAME, THE WATER IS STA^E 



"'...equilibrium may not be attained 
of^Cp^ in the atmosphera^iver the 
results adversely" 



ure 



tie 
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RECARBONAtlON 



EXCESS . LIME ( Hydroxi'de ) 

Ca"*""*" + 2 OH" + CO2 CaCO^ + H2O 



SUPERSATURA^jON WITH CaC03 



C02^+ t03 \ H^0^. 2 HCOj^ 



MAGNESIUM HYDROXIDE 



++ 



++ 



Mg + 2 OH + CO2— > Mg '+ CO3 + RgO 



CARBON DIOXIDE QUANTITIES 

Hyck-oxides: Ca(0H)2 +'C02| Ca(OH)g'.x 44/74 = COgCmg/l) ^\ 
74 44 (Excess) 

Mg(0H)2 + CO2 j Mg{0H)2 x 44/58.3 = C02{mg/1) 
58.3 44 (Residual) ' ' 



Maintain"pH>9'!6 to m'inimize conversion of 
CP3" to HCO^" 

Supersaturation w/ CaCO^: ^ 



Reduce pH to about 8.6. Based on t'he Ksp erf CaCO- 
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CHELATING COMPOUNDS 



o 

, ir 

o. — p- 

I 

. I 



o 

II 

P - 

j 

• o 



) I 



n 



O — M 



Polyphosphate 



1 



/ 



'ft 



Sotfium hexametaphosphate, Na^lPO^yg 



M 



\/ 



A 

/ 



P — 



AminometHylenephosphonate (AMP) 



M is a monoyalertt metal ,(V-g*Na), or ammonium gv^oup 
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TYPES OF CORROS-ION CELLS 
CORROSION CELL - ' 



AN ELECTROLYTIC CELL IN WHICH METAL 
IS REMOVED FROM€HE ANODIC (Negative)' 
AREA DURING THE PASSAGE OF DIRECT 
CURRENT BETWEEN THE CATHODIC (Positive)- 
AREA AND THE°ANODIC AREA. 



TYPES OF CELLS 



GALVANIC ~ 



DISSmiLAR METALS e.g. CAST IRON and 
COPPER 



DIFFERENTIAL AERATION - TWO PORTIONS pF THE METAL RECEIVE OXYGEN 

AT DIFFERENT RATES 

CONCENTRATION CELLS - \hE VARIATION IN CGfTCENTRATION OF DIFFER- 

ENT SUBSTANCES IN SOILS CAN CAUSE A COR- 
, ROSION CELL' TO BE FORMED 

DIFFERENTIAL STRESS - STRESSES e.g. WELDING CHANGE THE PHYSICAL 

CHARACTERISTICS OF A METAL - CAN AFFECT 
IT? ELECTRO^OTENTIAL 

IMPRESSED-CURRENT - WHERE "GROUNDING" IS 'PRACTICED. THE 

LOCATION WHERE THE CURRENT LEAVES (Anodic 
V ■ . - , Area) MAY SHOW INCREASED CORROSION 
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* CORROSION Ce]^' 



H+ H+ ^ 
2H + 2e-»2H 



Water 



i/ — 



•Interior 
surface 




COMMENT: AREAS 'OR ACTIVITY 



THE AREA TO WHICH OXYGEN HA^ EASIEST ACCESS 
TEND^ TO^BECOME THE CATHODIC AREA. 

THE. AREA TO WHICH OXYGEN HAS ACCESS WITH' 
DIFFICULTY BECOMES THE ANODIC AREA. : 



EXAMPLES OF ANODIC AREAS OR AREAS SHELTERED AGAINSTi OXYGEN 
ARE:-' . ' . I 

. — PITS OR DEPRESSIONS IN' THE METaL 1 

— AREAS UNDERLYING MILL SCALE OR PRODUCTS Ol| 
CORROSIQN " - 

— AREAS BELOW BUDLOGICAL GROWTHS 
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ELECTROCHEMICAL CORROSION 
• 



Four general steps 



(1) ANODIC -REACTION 
Fe (letal) — I Fe"^ + 2e 



(2) CATHODIC REACTION . J.' 
2H'^ + e" ^ H 
2H ~*.Ho - 



(forming of the atomic Itydrogen |ayer 
is called "polarfzation". ) ' 



(3) DEPOLARIZATION • 
(removal of the hydjogen" layer) 
2H' + 1/2 Oo — > HpO. 

(4) REMOVAL OF THE METAL IONS 
, Fe"*"*" + 20H"---> Fe(OH)p ' 
4Fe(0H)2 +. 02-~^:4H20 + 2Fe203 
if COg is present , 
. COg + HgO — ^HgCOg^ — ^ H"*" + HCO3" 
Fe(0H)2 + 2H2CP3 — ^Fe(HC03)2 + 2H2 
Fe'*^+ 2HC03"-f->Fe(HC03)2 
4Fe(HC03)2 + O2 ^4H20 +'8C02 + 2Fe2dL 




0> 
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Galvanic Series of Metals and Alloys 



Corroded end 

(Anodic or least'noble) 



r 



Protected end 
(Cathodic or most noble) 



Magnesium 
Zinc • - 

Aluminum (commercial pure) 
Steel or iron > 
Cast iron 
Lead 
Tin 

Brasses 
Copper 
^Bronzes 
Chromium 
Silv.er 
Graphite 
Gold^ 
Platinum 



iron (passive) 
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:COUPON EVALUATION jn DISTRIBUTION ^ 



46 



Q. 



Rod-St«inltst * 



Nonconductor - 
Support 

\ Holding Socw - 



•Couoort-ft)10 
M«td StttI 



nod 



5^ 



L 



Coupon 



Nonconductor Support 



0 



Fro«t Vm 



) ^® C) 



=8= 



1 



Fig. 5. Oistributio^-System Coupon-Holder Assembly 




Ref:. Mullen & Rit'ter, 

"Potable Water Corrosion 
Control", p. 473-7,9, J- 
AWWA, Aug. 1974. 



Fig. 6. Corrosion Coupon Assembly 



AWWA WATER QUALITY GOAL: *90 day tests 

\ I ' • • , 

Incrustation|on stainless steel not to exceed 0.05 mg/sq.cm. 

Loss by coprds^bnof galvanized iron not to exceed 5.0 m^/sq. 

> ' Ref: p".>r AWWA Joarnal j'Septembep 1973 ' ' \ 



cm. 
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APPROACHES TO CORROSj(JfJ CONTROL 



USE CORROSION RESISTANT MATERIALS 

IT 

'USE COATINGS AND LININGS ' 
DEPOSITION OF CaCOg AND pH ADJUSTMENT , 

♦ 

PROTECTIVE CHEMICAL COATINGS 

■ ■ / 

CATHODIC PROTECTION 



J 



/ 
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MATERIAL SELECTION \- CORROSION' 
Not ?: From Larson, T.E. "Corrosion by bomestic Waters" 



MILD STEEU - • . • Dissplved minerals may increase corrosion e.g^ ^ 

chloride and sulfate. Increases in Caand al- 
^ kalinity inhibit corrosion. El evated,. tanks 
should be painted in accordance witli AWWA Std*. 
.(D102-64) and cathod>c protection employed. 

ZINC &*GAL|aNIZED steel - With adequte ^Ca and alkalinity protection by 

zinc carbonate is often effective. Zinc protects 
steel in galvanizing by excluding water contact 
with steel and by galvanic protection. 



ALUMINUM - 



COPPER - 



COPPER ALLO^ 



STAINLESS STHEL ALLOYS - 



* Corrosion resistance due to inert oxide film. 
Do not use with copper bearinig metals.' 

Corrosion resistance due to an oxide'^film. 
Subject to impingement attack at high rates 
of flow (greater than 4 fps). Low pH carbon- 
ated water and. Waters containing chloride are 
corrosivjQ to copper. 
V • 

Copper-zinc (yellow brass-67/3|); (red brass - 
85/15) 'Yellow brass is* subject jto dezincif ica- 
tion in sdft waters and' high pH (9.0 to 9.6)! 
Red brass is preferable. Copper-nickel alloys 
are superior for di fficult conditions and at 
hot water temperatures. 

Corrosion resistance due to a thin protective 
oxide on the s^urface. Typp 304 ^18% Cr, S% 
Ni) is frequently used*. Chloride, stress and 
ten^rature are important corrosion factors. 



PLASTIC PIPE 1 FITTINGS - Useful systems. 
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CATHODIC PROTECTION 



Insulators 



Electrolytic/v 
Riser Anode 



I 




^iiiiiminiiiiirn///iiimrT77n} 



Ground 



Electroiyy.c 
Bowl Anodes 



,Iiead Wire 
to .Anodes 



JRectif ier 
^ i 'A . C .Power 



TYPICAL WATER STORAQE TANK 



\ 



Galvanic, Anode - Composed of a metal higher in the 

galvanic series than thfe metal pro- 



tected e.g* Mg, Zn an3 Al 



Electrolytic Anode^ - Energized by an external source 
* of direct current. 



Note: See Standard Specif idatic^Tns for Elevated Steel 
Water Tanks, Standpip?s and Reservoirs by AWWA 
* (7H1-1943) 
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BACTERIAL ACTION 



IRON-BACTERIA ^ CapabVe of withdrawing *iron present in 
' their aqueous habitat and gof depositing^ 
it in the form of hydra ted f^ric hydrox- 
ide - Crenothrix> Gallionella ^ ' r' 



.SULFUR BACfERIA z Oxidize or reduce significant amounW , 
' ' V of inorganic s*ulfur. 

19 rX 



SO, 



H^S Desulfoyibrio 



(Anaerobic) 



H2S 



H2S0^ Thiobacinus 



(Aerobic) 



. r[ .A 
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EXTERNAL PIPE CORROSION ' 



FACTORS JO BE CONSIDERED " 

RESISTIVITY - Low resistivity - greatej; corrosivfe 

teYidency 

pH - 0 to 4, 6.5 to 7.5, :^8.5' (Greater corrosive 

tendency) 

* ' . * 

t OXIDAHON REDUCTION POTENTIAL - Low valugs^indicate ' 

ajiaerobic .conditions 

MOISTURE .CONTENT - Wet - greater corrosive ''tendency 

(SOIL TYPES . - 

STRAY DIRECT CURRENT . » . 

4 Note : Polyethylene encasement is a very satisfactory 
protection systeiji. 

Kef : ^ Cas ^^i ron^pe Research on 
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- WELL PROBLEM 



Deposition - Corrosion Case Study ^ 

Background : Well stopped pumping water. Motor running. 
Multi-stage, pump 200' Drawd^jan^ 
Discharge pressure head 40<r ^ 
/Shaft located bet\veen* stainless steel collars , 
^ • had sheared. 

f • , Upp^ shaft - No corrosion. Cower shaft^ 
Corrosion 

Pump with brass impellers in good shape 
Suction side - CaCO^ film ' > ' 

Discharge side - TuBercules. Pit corrosion. 

Until 10 ft. away. 
Shaft similar to piping. 

Water Analysis : pH 6.8 TDS - 800 mg/l ' ' 

Hardness mg/l Temperature 50 F . 
^ Alkalinity 300 mg/l CO, - 30 mg/l 

D.O. - 0 

Discussion Questions : Explain the corrosion and deposition 

observations in th^ piping and on 
the, shaft: 
Discuss the shaft f*ailure.', 
' / ^ - What alternatives should be Considered 

*^ ^ y * to correct the problem? 
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PARTICIPANT. INSTRUCTIONAL MATERIALS 



I, Each particif)ant wUl receive an outline of the njodule topics with supple-- 
mental comments as appropriate^ This outline is- to assist theparticipant, 
in preparing for class discussions ^nd guiding the students in t>)efr study " 
of reference material's, and trarvsparencies, 

U*' Stu'de'nts will receive 8i xerox copy of each transparency. .I,f desired, NALCG 
aquagraphs can be obtained from the NALCO Chemica^l Co., fehicago, Illinois. 

III. The New York Manual anjj^f^i AWWA M\8 Manual should probably he required for 
•o ; the modules. They shoti^^' b^ owned by .th^ p^articipants as they ai^e of value, 
for other modules ant^IdS'*' general references. / ^ 

. f \ ^ ' ^ * 
If the partic^p^ts do not own these references then, permission should be 
obtained to provide them with xerox copies of the prirnary subject material'. 

IV. .Some of the examination questions could be used as class study questions or 

a means for evaluation of the ij^structioh. They could also be supplemented 
based on the instructor's treatment of the topics. 

4 d » 

V. v. It is suggested that the^ participant? could receive copies of" 

some reference articles* as well! The particular instrjj'ctor^could 
choose to do thrrrand also supplement the materials with" descrip- - 
f tion|^of case ^studies he/she is f^mriiar with. Student particf- ' • \' 
pantTase studies qothkl also be^uplicated for ,the class. - " - 
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II3ADWS ADVANCED STABILIZATION MODULE 

Note : Pa^rticipants will .receive a copy of each transparency used 
in the presentations- Participants will receive appropriate 
reference material from the New York Health Dept. Manual of' ' 
Instruction for Water Treatment Plant J)perators and from the 
AWWA Ml 8, Basic Water Treatment Operator's Manual s ^ 

Instructors may supplement the above material with copies of 
references or case studies* 

Participants are encouraged to bring ^documented examples 
corrosion, and deposition prot^ms and soluHens to the class 
for group dLj^uss ion and analysis*-" Pipe 0/ fitting samples 
and/or phBtograpKs are especially of interest* 



I*-* Introduction and Review 



A. Scale -formation and its concerfis , (Trans AS-1) 

1* Not^^^iat stability-of water refers to the tendenc^f to 

deposit taCOg or not deposit CaCOg. 
2* Review the types of depoMtion problems and observe .their 

effect on water system operation 
.3* describe examples of deposition problems in your water 
system ^ ^ . * - . . 

^ " ' I 

B* Corrosion and- corrosion concertis (Trans AS-2) 
1* NqteXthe electrochemical nature of corrosion 
2* Observe the types of'corrosMon and note the Water sys1 

effect, or each -type ^ 
3. Describe examples of cor^ro^ion problems in your wa>ter 
system ^ , ' j * j * 

C* Water chemistry parameters anc( concepts (Tran AS-3, AS-4, AS-5) 
1* Review\the primary water quality parameters - their n^eaning 
» and- sigaif icance^. I . ; 

'2** Note the ion groups, the pH &* pOH concept and the oxidative 
states e*g. 'ferrous and fer|ric - ^ j 

! 3* Review the chemical changes, in water softening ana note the 
tyge <)f compounds present jn'the softened water. Hfite pH* 
requirements for excess-lir^e softening. ' . 
4*. Note the effect of pH 0^ tf)e presertee* of COg and. the other 
; > fprms of aUa^lin^ity present. This relates to the , softening 

i process and the nature of 'finished watdrs in the treatment 
plant\^nd d-h^tribution^ystem. [' 

11*'^ Deposition: Analysis and Control (Trans AS-6 thru AS-13). 

A* Note the equilibrium basis- for deposition 
, 1. Study th6 chemical equilibrium basi§ for the satu?atKon pH 
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of CaCO^- Note the role of the various factors that 
affect pHs 

2, The addition of alkalies and other/precipi4:ate formation 
also function from an equilibrium and solubility product 
concept e.g. 

Ca(OH)^t? 



Ca**"**" + 20H^ 



Fe(OH)! 



++ 

Ca + 2F 
ZZ Fe"*""*""*" + 30H" 



"4 




Various approaches can be used in stability analysis 
^ 1- The stability analysis of a water can be conducted by cal- 
culation from the various water quality parameters - See 
Nalco Aqu^graph, lafsOn-Buswell appro.?ich and Standard Methods . 

Study the'sam^ple\:alculation, ^ ' * ; 

2, The stability can a>so be evaluated using tlie Marbld Test. 
Note Std: Me4:hods comment, ' ^ 

3. The indices are indicators - note experiences with the 
Ryznar^^Index - system testing is needed to evaluate ^what is 
happening. Pipe samples can be checked, coupons us^d and 
alkalinity measurements made, ' J - 



Review the methods and purposes of r'ecarbonation, 
calculation procedure and pH control levels. 



Note! the 



>Note',the complex chemistry of chelates. Phosphonates' Have 
,been ^successfully used in industrial practice. Chelates are 
; employed .ahead of rapicf sand filters' and to distribute ]CaCO^ ^ 
films 'fn distribution iystems.' ' 



, IIL 



.Cjorrosjon chemistry (TrJns AS-14 thru AS-18) 
. Notfe 



1 



di^f 



eren- 



the various typ4s* of corro'siph cells 

/ X.' ' • . 

Stu^ tfi'te-xliewi^ interactions associated with the 
tiaT] aeration cell . ' . j 

1. Note how^iron can leave the system as a deposit. Ngte .the ^ 
role of pxygen in removing the hydrogen ^film.* 

2. GorrosionI cells can be widely dil^tributed over the rfietal 
surfaj^e^ resulting in extensive corrosion ^ 

3. L^calizecft pitting can occur when^ a coi^rosion cell develops 
within a deposi^t location. Chloride ions can be associated 
with pit;t1ng conrosion ' • / 

,4. TtiberculatiOn results from iron deposits . ' - 

/ ^' ' ' 

^Study the galvanic series . • - • 
1. T|ie location of the metals in the series determine which ' 

metal wi^ll be xhj^ corroded (anode) irtetal 
2.. T()is location can be used to avoid galvanic corrosion in 
piping. It cah. also be used to protect a metal surface in 
cafhodic protection. * ^ " , 
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D* Corrosioirxtetection includes studying pipe sections, fit- 
„ tings, i/oting staining and' red wat§r ^ \j 
1. Increases in Fe concentration in the^ distribution sv^tem 

>so evidence corrosion - - / \ 

l<^Coupons can be utilized to„ monitor corrosion. Note the 
Middlesex Water Co. study ^ * ^ | ' 

Note the effect of material selection (Trans AS-21) and | 
cor ros i on , probl ems J* 
1. Dezincification is the result of removal of" zinc* from 1 its 
-alloy with brass. Soft waters are of special corrceVn 



2. Graphitization is a form of Corrosion of cast iron in 

highly mineralized water or waters with low pH. The j^^onr 
^ silicon alloy is. removed. • - * ' 
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Corrosion control (Trans AS-20, AS-21, AS-22^ . 



A. 
B. 



1L 

Note the approaches to corrosion control 



Water chemistry may be adjusted 
to achieve a CaCOo depositing wa 
1. Alkali feeds, RaOH, Ca^OH). a 

plish pH adjustment 
*2. Polyphosphates can be. used tc 

^itiOn in the system 



.g. positive Langelier In^ei 
;er . ' 1*^ 

id Na^COg are used to accoiii-' 

distribute thje CaCOg'depo- 



C. , Inhibitors have_been utilized 

1. Zipc-orthophosphates have be^ft' 
studyi 

2. Phosphates alone require too 



D. ^ Cathodic protection is used for 
treatmertt units ^ 
1. Note selection of sacrificia 
2; Compare galvanic and electro 



E. . Note the various types of metals tjiat can be utilized 

l.^inings e.^*. cement and varipusj chemical coatings and 
paipfe ai^successful 
; 2. PVC plastic, ,asbestos cement 
non-coi^rosive materials 

F. Cire examples of successful practilce from your own water 
system 



successful. See Middlese 



gh a 'dosage to be used, 
piping, storage tanks and*^ 
a^ode 

yt^'c anodes , 



anjcl concrete are examples ofj 



Special topics. (Trans iAS-23, AS-24, ^AS-25) 
A 



B. 



Iron bacteria are a nuisance filamento'us organism that uses; 
iron aod forms deposits in piping land 'well sys'tems 

Sulfur bacteria can break down sulfate in, low- flow zero 
dissolved oxygen areas >of distrib^t^n systems and release | 
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HpS/ HpS can form corrosive solutions of 
o^idizel ' ^ • 

C. Note the various factors that affect exter 



1250^ if it is 



al pipe corrosion 



D. Well systems experience many of the deposi 
problems discussed earlier. Analyze the we 
study. ' * , \ 



ion and co|rosion 
I system* case 
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EXAMINATION QUESTIONS 



Note : The sequence of questions generally follows the pattern of ^ 
•topics and objectives presented in the module. 

- , ' ^ J 

T F ''l. More CO^ can enter solution as the pressure in a wa-ter 

system increases* 

^ ^ , _ „ ' 

J F , 2. pOH refers to the; logarithm of 1/OH concentration. 
T F 3. As'the ptHncreases the'hydrogen ion concentration decreases 
and the hydroxyl non concentration increases. , ^ ^ 
4* A high pH { 1IX*=5^ water will tend to have which of the 
following combinations of aTJ<alinity ^ » 
-a. SO4, CI, HCO3; • , '7. 

b. CO,, HCO, - " 

C p } " ^ 

C- HCO3, CO3' ^ ^ ? 

d. CO3, OH,. HCO3;. 
,T F 5. Lime that is used to reduce magnesium .ca)|^onate hardness 

yields hydroxide; ions which satisfy the f^^(0H)2 solubility^ 

product and cause it to precipitate. • 
T F 6. In lime softening the alkalinity of the water supply is 

decreased, the pH increased and the iron content 'decreased. 
T F 7. Increases in water temperature increase the reversion rate 

of polyphosphate; to; orthophosphate. ' ' 

8. Lowering lime softened water pH below 9.5 causes an increase 

:) i ^ ^ I 

in hardness due' to ' . . ? \ but results in a 



"1 



decreased tendency for the ^water to J 



9. Which of the fojl lowing chemical test results indicate a 



^ depositing wate.)^|in}a cflstribution system 
. ' a. Decrease in ajka^linity ^ 
b. Increase in -iron concentration 



c. Increase in alkalinity 

d. Ingrease in jsulfate concentration ^ 

10. When a watelTlsl coi>sidBred t^ be stabile 

I ' 

a. It will causae* iron to' go into solution readily 

6/'jt will' depQS,it CaCO, ' ' . ' 

- / ' 

c. -* Phosphates Should be added to oxidaze the iron 

d. It will not i deposit CaCb-, ' • 

1 t ^ ' . ' « 



It- 



11- Deposits of CaCOg can be extended further 'into tie distri- 
^"^ution system by using 

a. Carbon dioxide 

b. Polyphosphates ♦ 

c. Soda ash 

* 

d. Potassium permanganate 
12. Two caiises^of well screen blackage or deposits ar*e 



a. 
b. 



13. A positive Langlier Index indicates that a wat^r 

a. Contains too much manganese 

b. Tends to be^ a depositing wat^ (CaCO^) 

c. Tends to be corrosive to iron 

d. Has excess magnesium 

14. The four water quality characteristics- that cire used to 
calculate the pHs (saturation pH) are total flis^solved 
sol ids ^ and 

15. The Ryznar- Index, is equal to two'times the ffHs ntinus the^ 
actual pH. ^ ^ "v^^^^ 

16. A laboratory test that can be utilize^Xto analyze for cal- 
cium carbonate deposition tendencies is 

a. Oxidation-redufction - ! 

b. Marble ' t 



c. Crenthrix ; ; 

d. The hydroxide/x:arbonat€, ratio 

17. A water with highi pH, high alkalinity an/l high cfalcium 
content would likely be 'a depositing watfer. 

18. Phosphate added aKer reclarbonation and/ prior to filtration 
'in a water plant i * 

* a. Ties up (chelajbes) calbium and minimizes caCO^ dep'bsition 
b. Provides- a nutpent for the bacteri/i 



to aid the filter 

c. Flocculates any bacteria or alg^e jiresent 

d. Causes iron *tol precipitate 



u 



19. Oxygen .in t^e^water in corrosion systems 
a. Removes the hydfpgen film 
i>. Increases- corr|Osion rates , . 
c. Reacts to fonrf iron oxides 
* d. All of the above^ - 
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20. * What type of corrosion cell is involved iwth grounding of 

water piping ^ The corrosion, if 

any, shovys up at ' . " 

21. Iron deposits can occur with iron bacteria. 

22. Which of the following waters would be'of most concern 
with copper piping ^ ~- - - — 

a.^Jjigh pH, high CO3 ^ . - . 

1). Low pH, COg present, chlorides, low hardness 
c. High phosphorates, 4>H 8 to ,10 

23. Current flows from the positive areas (anodic), to the 
negative areas (cathojdic) and metallic ions accompany this 
flow. * > . I 

24. If a electrochemical ''corrosion cell is established with 
copper and cast iron which metal will corrode (anodic) 

a. Copper ^ ' 

b. Cast iron * ' ' 

25. What are two corrosion factors of concern with^ stainless 
steel 



i 



a. 
b. 



26. Cite two types/ of linings or coaHngs that can^ be used to 



prptect againsjt corrosion 

a. (1^ 

.b. 



I 
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27. Galvanized steel contains 
'a. Platinum . j' 

■ b. ^ead , . . ' ' 

c. Zincp, ' ^-^ 
. d. Marraanese i 

as a cprrosion pVotection mechaflism. 

28. A metal e.g. iron 'or steel can be prot^i^fe^b^ galvanic 
cathoxiic protection if a metal anode /lower injthe galvanic 
series is used as a sacrifical metali 

29. Which of the following metals n*n combination^ with ortho- 
phosphate acts as a corrosion inf^jbitbr 
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"B. cadmium 

b. Zilic 

c. Lebd . ' . . 

Manganese - ' , 

30^ Whichlof the following could be used- to protect against 
'I * 
steellor cast iron corrosion via cathodic protection I 

a. Chromium 

c. Mafnesium 
1 

31. Which lof the following i^an iron ^)acterium 

a. Crdnothrix 

I ^ 

b. Deaul fori brio 
^ 1. 

c. Colli form 

d. Sallnonella ' ^ 

32. Two solil characteristics that are significant in .evalua- 
' ting tne corrosive te.ndency of soil are ' 



i 

> 

i 



T F 33..Hydrog*n sulfide formation from bacterial* breakdown of 

^ ' * ' sulfates, occurs in anaerobic pipe sections. 
. « 34,. List.orje control or treatment, technique for iron bacteria 

* ' ' 1n a water system. ^ . . 
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